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Abstract 
This paper describes a method of modeling and simulation photovoltaic (PV) module that implemented in 
Simulink/Matlab. It is necessary to define a circuit-based simulation model for a PV cell in order to allow the 
interaction with a power converter. Characteristics of PV cells that are affected by irradiation and temperature are 
modeled by a circuit model. A simplified PV equivalent circuit with a diode equivalent is employed as model. The 
simulation results are compared with difference types of PV module datasheets.  Its results indicated that the created 
simulation blocks in Simulink/matlab are similar to actual PV modules, compatible to different types of PV module 
and user-friendly 
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1. Introduction 
Due to reserve of fossil fuel dwindling and the global warming effect looming large, alternative 
energies become popular.  The most attention of alternative energies is solar energy. There are two types 
of technology that employed solar energy, namely solar thermal and solar cell. A PV cell (solar cell) 
converts the sunlight into the electrical energy by the photovoltaic effect. Energy from PV modules offers 
several advantages, such as, requirement of little maintenance and no environmental pollution. Recently, 
PV arrays are used in many applications, such as, battery chargers, solar powered water pumping systems, 
grid connected PV systems, solar hybrid vehicles and satellite power systems. 
PV module represents the fundamental power conversion unit of a PV generator system. The output 
characteristic of PV module depends on the solar insulation and the cell temperature. Since PV module 
has nonlinear characteristics, it is necessary to model it for the design and simulation of maximum power 
point tracking (MPPT) for PV system applications [1]. 
A PV module typically consists of a number of PV cells in series. The conventional technique to 
model a PV cell is to study the p-n junction physics [2]. A PV cell has a non-linear voltage-current (V-I) 
characteristic which can be modeled using current sources, diode(s) and resistors. Single-diode and 
double-diode models are widely used to simulate PV characteristics. The single-diode model emulates the 
PV characteristics fairly and accurately. The manufacturer provides information about the electrical 
characteristics of PV by specifying certain points in its V-I characteristics which are called remarkable 
points [3]. 
In this paper, a simplified PV equivalent circuit with a diode equivalent as model is proposed. The 
main contribution of this work is the implementation of a generalized PV model in the form of masked 
block which has a user-friendly icon and dialog in the same way of Matlab/Simulink block libraries.  
2.  Mathematical model for a photovoltaic cell 
Fig. 1(a)-(b) are models of the most commonly-used PV cell: a current source parallel with one or 
two diodes. A single-diode model [4-6] has four components: photo-current source, diode parallel to 
source, series of resistor Rs, and shunt resistor Rsh. Fig.1(b) is a two-diode model: [7-9] the extra diode is 
for better curve-fitting. 
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Fig. 1:  PV-cell equivalent-circuit models: (a) single-diode model, (b) two-diode model (c) Simplified-PV-equivalent 
circuit   
The shunt resistance Rsh is large, so it usually can be neglected [8]. Fig. 1(a- four-parameter models 
can, thus, be simplified into Fig. 1c, the simplified equivalent-circuit model of this study. 
 
The output voltage V and the load current I relate as: 
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where IL = light current (A); 
           I0 = saturation current (A); 
           I = load current (A); 
          V = output voltage (V); 
         RS = series resistance ( ); 
           = thermal voltage timing completion factor (V). 
 
Four parameters (IL, I0, RS, and ) must be determined to obtain the I-V relationship (the reason the model 
is called a four-parameter model).  equivalent circuit and Equation (1) mask the complexity of 
the actual model, for the four parameters are functions of temperature, load current and/or solar 
irradiance. Procedures for determining the four parameters are given herewith. 
Light Current IL; [10-12], states that IL can be calculated as: 
 
refCCSCIrefL
ref
L TTII ,,,              (2) 
 
where       = irradiance (W/m2), 
             ref = reference irradiance (1000 W/m2 is used in this study), 
IL,ref = light current at the reference condition (1000W/m2 and 25°C), 
Tc = PV cell temperature (°C), 
Tc,ref = reference temperature (25 °C is used in this study), 
I,SC = temperature coefficient of the short-circuit current (A/°C); 
Both IL,ref and I,SC  are available on manufacturer datasheet [11]. 
Saturation Current I0; this can be expressed in terms of its value at reference conditions [10-12]: 
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where I0,ref = saturation current (A) at reference conditions, 
    egap = band gap of the material (1.17 eV for Si materials), 
  Ns = number of cells in series of a PV module, 
q = charge of an electron (1.60217733×10-19 C), 
ref = the value of  at reference conditions. 
I0,ref  can be calculated as:   
ref
refoc
refLref
V
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where Voc,ref = the reference-condition open-circuit voltage (V) of the PV module; its value is 
manufacturer-provided.  
In [10-12] state that ref can be calculated from 
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where Vmp,ref = maximum power point voltage (V) at  reference conditions, 
Imp,ref = maximum power point current (A) at reference conditions, 
Isc,ref= short-circuit current (A) at reference conditions. 
 
 is a function of temperature, expressed as: 
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Series resistance Rs is manufacturer-provided; but, if not, this equation can be used to estimate it [11, 12]: 
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Fig. 2 shows the I-V operating characteristics of a solar cell. A PV array comprises individual PV 
cells connected into a unit of suitable power rating. Its characteristics are determinable by multiplying the 
voltage of an individual cell by the number of cells connected in series and multiplying the current by the 
number of cells connected in parallel. Three important operating points are open-circuit voltage, short-
circuit current and Maximum Power Point (MPP). 
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Fig. 2: PV-cell operating point 
 
 
Voltage at operating-point-A in Fig. 2 is the open-circuit voltage. Fig. 3 shows an open circuit 
with shunt current Ish neglected. Equations (8) and (9) represent. 
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 Fig. 3: Equivalent circuit, open-circuit condition       Fig. 4: Equivalent circuit, short-circuit condition 
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Equation (10) gives the short-circuit current. Fig. 4 shows it and the current at operating point B, 
neglecting series resistance Rs. 
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Fig. 5: Intersection of the I-V characteristic and the load characteristic curve 
 
The operating point of a PV array under constant irradiance and cell temperature is the 
intersection point of the I-V characteristics and the load characteristics; see Fig. 5. A straight line with 
gradient M=1/R= ILoad/VLoad represents the load characteristic. The system  operating point moves along 
the  I-V characteristic curve, from B to A, as load resistance increases from zero to infinity. 
The MPP is at C, where the area (equivalent to output power) under the I-V characteristic curve is 
maxima. For too-high load resistances, the operating points go into the CA region. For too-low load 
resistances, the operating points go into the CB region. MPP can, thus, be obtained by matching load 
resistance to PV array characteristics [13]. 
2.1. Cell characteristics 
  PV-cell characteristics depend on insulation and temperature; see equations (1) to (6). This 
becomes apparent when evaluating equation (1) for selected values of temperature and irradiance and 
542   Krismadinata et al. /  Procedia Environmental Sciences  17 ( 2013 )  537 – 546 
plotting the results on an I-V graph (Fig. 6). Fig. 6(a) shows array output current I influenced by change in 
insulation S, whereas output voltage V is almost constant. Contrarily, for temperature that changes, 
voltage seems to vary widely, but current is unchanged; see Fig. 6(b). 
The P-V characteristics of a PV cell array can be obtained from its I-V characteristics. Fig. 7 shows the 
output-power relation P=V. I. These figures prove how the dependence of output current I and output 
voltage V on temperature and insulation translate into dependence of output power on V and I. 
Fig. 7 also confirms the behaviour expected from a solar-energy-converting device: its output power 
reduces with decreased irradiation. The reduced-power effect from increased panel-temperature is not 
immediately obvious, but is concordant with significant effect on open-circuit voltage Voc.  
 
    
        
  
 
Fig. 6: I-V characteristics of a PV cell array for KD135GX-LPU [14] 
(a) for various values of irradiance S at  250C (b) for various values of temperature T at 1000W/m2  
 
 
 
  
 
Fig.7: Characteristics of Mitsubishi 185W module PV-UD185MF5 (source: Mitsubishi datasheet) 
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2.2. Shading  
PV modules are ultra-sensitive to shade. Unlike solar-thermal panels (which are tolerant of some 
-sourced 
or hard-sourced. Tree branch, roof vent, chimney and other such distant shadings (these are soft sources) 
diffuse/disperse the shadow. Soft sources significantly reduce the light from 
Hard sources stop light altogether from reaching a cell. A blanket, a tree branch and bird droppings are 
hard sources - they are on the glass. Hard shading of even one cell halves mod -shaded voltage. 
Adequate hard shading of adequate cells not only stops module from converting energy; it drains the 
-circuit current of the shaded cell decreases by 75%; such drastic increase 
also occurs [15]. What happens is depended on how many cells there 
are in the series and on the loading device. In the worst case, the shaded cell is forced to reverse voltage, 
and starts dissipating  rather than producing  power. It heats up. At temperatures above approx. 1300C, 
its function starts degenerating irretrievably.  
3. Simulations of I-V curves and P-V curves  
The electro-physical output rating of PV modules are given at specific conditions. These 
conditions are called Standard Test Conditions (STC) which is defined as follows: 
 
Table 1: Standard test condition 
 
Parameter Symbol Value Unit 
Irradiance at normal incidence G 1000 Wm2 
Cell temperature T 25 0C 
Solar spectrum AM 1.5 - 
 
The STC relates to the IEC 60904 standards, short-circuit current Isc, open-circuit voltage Voc 
and maximum-point power (Pmpp) that are specified for PV modules to ±10% tolerance. Realistically, 
these conditions occur very rarely; however, if the sun shines with the specified intensity, then, cell 
temperature will be higher than 25°C. 
I-V curves and P-V curves were simulated for various irradiances and temperatures by using 
MATLAB. The PV-AE125MF5N module was chosen as it is one of the types to be used in the 
experimental prototype. Table  
 
Table 2: Characteristics of the PV Module 
 
Specifications PV module from datasheet Mitsubishi PV-AE125MF5N 
Specifications % Value 
Open circuit voltage (Voc)   21.8V 
Short circuit current (Isc)  7.90A 
Maximum power voltage (Vmpp)    17.3V 
Maximum power current (Impp)   7.23A 
Maximum power rating (Pmax)   125W 
Maximum system voltage                             600V 
Temperature coefficient _ Isc 0.08 0.001904 
Temperature coefficient _ Voc   -0.28 
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Temperature coefficient _Pmpp -0.23   
Normal operating cell temperature (NOCT)   75 
Number of cells   36 
 
In Fig. 8, it shows PV module that was modelled and simulated in Matlab/Simulink for variable 
irradiance and constant temperature 25 0C. This model comprised the blocks that were developed from 
equation (1) to (10). While in Fig. 9 it depicted PV modelled module in Matlab/Simulink on the effect 
of the temperature. 
Fig. 10 I-V curved for various irradiances and constant temperatures. The 
irradiance ranged from 200W/m2 to 1100W/m2 while temperature was maintained at 25 0C. As the 
irradiance increased, the current increased. Voltage, on the other hand, remained relatively constant 
throughout the irradiance range. Fig. 11  P-V curved for various irradiances and 25 0C 
constant temperatures. 
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Fig. 8: PV module model for variable irradiance and constant 
temperature 
Fig 9: PV module model for variable irradiance and constant 
temperature 
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Fig. 12 I-V curved for various temperatures and 1000W/m2 constant irradiance. 
The temperature ranged from - -25°C and 
1000W/m2 irradiance. Fig. 13 shows the P-V curved for various module temperatures at 1000W/m2 
constant irradiance.  
From the two Fig. 12 and 13, it was noted that the lower the temperature, the higher the maximum 
power is and the larger the open circuit voltage is. On the other hand, a lower temperature gave a slightly 
lower short circuit current.  
0 5 10 15 20 25
0
1
2
3
4
5
6
7
8
9
10
Voltage (V)
C
u
rr
e
n
t 
(A
)
Characteristic PV-UE125MF5 at variable temperature
T=75  Co
T=50  Co
T=25  Co
T=0  C
T=-25 Co
o
0 5 10 15 20 25
0
20
40
60
80
100
120
140
160
Characteristic PV-UE125MF5 at variable temperature
Voltage (V)
 P
o
w
e
r 
(W
)
o
o
T=75  C
T=50  C
T=25  Co
oT=0  C
T=-25  Co
 
Fig. 12 I-V curves for various temperatures and 
constant irradiance 
Fig 13 P-V curves for various module temperatures 
and constant irradiance 
 
 
Fig. 14 shows characteristic curves of PV-AE125MF5N for various values of irradiance S at 
temperature 250C.  This module was employed as data sample to simulate.  Simulation results, especially 
in Fig. 10 and 11, showed that they were similar with characteristic PV-AE125MF5N from datasheet. 
 
 
 
Fig. 14: Characteristic curves of PV-AE125MF5N   (source: Mitsubishi datasheet) 
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4. Conclusion  
An accurate PV module electrical model was presented and demonstrated in Simulink/Matlab for a 
typical 125W solar panel. The proposed modeling method avoided complexities involved in PV 
parameter identification while achieving comparable accuracy. Simulation results were verified by 
comparing on the experiment results of datasheet. It proved the effectiveness of the proposed modeling 
method. The method was easy to implement in various simulation platforms for PV power systems 
studies. 
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